Viral respiratory infections are among the most common causes of disease in humans, particularly in young children, and remain a major public health problem worldwide. For many geographic regions, there is limited epidemiological information on the main causative agents of these diseases. In this article, we investigated, in a prospective study, the viral agents leading to acute respiratory disease in children younger than 15 years of age who were admitted to the pediatric emergency unit of a major teaching hospital in Erbil City, capital of the Kurdistan region, Iraq. Nasopharyngeal samples obtained from 269 hospitalized children were analyzed for viral respiratory pathogens using the xTAG Respiratory Virus Panel Fast assay, and the data were correlated with the clinical and demographic information available for these patients. One or more respiratory virus(es) were detected in 203 out of 269 (75.5%) samples. The most frequent viruses were enterovirus/rhinovirus (n = 88; 32.7%), respiratory syncytial virus (n = 55; 20.4%), and human metapneumovirus (n = 36; 13.4%). In 42 samples (15.6%), coinfections with 2 or more respiratory viruses were detected, with enterovirus/rhinovirus, respiratory syncytial virus, human metapneumovirus, and adenovirus being identified as the most common agents in viral coinfections in these patients.
Introduction
Viral respiratory infections are among the most common causes of disease in humans, especially among children and infants, and a major public health problem due to the high prevalence, ease of transmission, and the significant morbidity and mortality associated with these infections.
1,2 Acute respiratory infections (ARIs) rank among the top 5 causes of illness and hospitalization in children, 3 with high childhood mortalities leading to about 5 million fatalities per year in developing countries in children younger than 5 years of age. 1, 4 Although ARIs can be caused by bacterial agents, they are predominantly caused by respiratory viruses. 2 Adenoviruses, coronaviruses, human enteroviruses (HEV), human rhinoviruses (HRV), influenza A and B viruses, parainfluenza viruses (PIV), and respiratory syncytial virus (RSV) are well-established causes of ARIs in both industrialized and developing countries.
Also, a number of newly discovered viruses, such as human bocavirus (HBoV), human metapneumovirus (hMPV), and the human coronaviruses NL63 and HKU1 (HCoV-NL63, HCoV-HKU1) are detected in these infections, while other (zoonotic) coronaviruses, such as the severe acute respiratory syndrome coronavirus and the Middle East respiratory syndrome coronavirus, have the potential to cause local or worldwide outbreaks of 784996G PHXXX10.1177/2333794X18784996Global Pediatric HealthHassan et al research-article2018 severe lower respiratory tract infections, including acute respiratory distress syndrome, with high fatality rates. 2, 5 Polymerase chain reaction (PCR)-based molecular techniques are rapid and sensitive compared with conventional methods and are now widely used for the detection of relevant respiratory viruses, often in a multiplex-assay format suitable to detect multiple viruses in a single test system. 6 The xTAG RVP FAST assay is an example of a comprehensive multiplex assay suitable for the detection of multiple viruses including specific strains and subtypes. 6, 7 The viral etiology of ARIs in the Kurdistan of Iraq remains poorly studied. To address this gap in information, the study sought to determine the frequency and type of viral pathogens causing respiratory infections in children less than 15 years of age who were hospitalized with respiratory illness in Erbil City. To this end, a total of 269 samples obtained from an appropriate study group were analyzed using the Luminex xTAG Respiratory Virus Panel Fast assay.
Material and Methods

Patients and Sample Collection
This prospective study was conducted between February 2012 and March 2013 in the Raparin Pediatric Teaching Hospital, Erbil, the capital of the Kurdistan region, Iraq. A total of 270 hospitalized children younger than 15 years of age with respiratory infections were included in the study. All these patients presented with fever of ≥38°C on admission and with clinical signs and symptoms of an upper and/or lower respiratory tract infection that required admission to the pediatric emergency unit. The diagnosis for each patient was performed by the attending pediatrician. Exclusion criteria were premature birth, chronic disorders of the pulmonary or cardiovascular systems, diabetes mellitus, and kidney or liver dysfunction.
Nasopharyngeal samples were collected using nylonflocked nasal swabs. The swabs were immersed in 3 mL of 1× phosphate buffered saline and kept at −70°C until further use (see below). Relevant clinical information as well as demographic data, including age, gender, and epidemiological data, were collected with a standardized questionnaire and from medical files of patients included in this study.
The study protocol was reviewed and approved by the research ethics committee of the College of Medicine, Hawler Medical University, and the collection and use of clinical samples and data from patients at the Raparin Pediatric Teaching Hospital was approved by the Erbil Director of Health. Informed consent was obtained from the parents of all the participating children.
Virus Detection Assay
Nucleic acid was extracted from clinical samples (200 µL) using the automated EZ1 Advanced XL nucleic acid extraction system (Qiagen), and EZ1 Virus Mini Kit v2.0, according to the manufacturer's instructions and subsequently used for the Luminex xTAG Respiratory Virus Panel (RVP) Fast assay (version 2) according to the manufacturer's instructions (Luminex Molecular Diagnostics Inc). This multiplex assay is suitable to detect multiple respiratory virus nucleic acids from nasopharyngeal swabs and is based on the Luminex xTAG Technology and xMAP Technology platform. The data generated by the xMAP instrument were analyzed by the xTAG Data Analysis Software RVP Fast (TDAS RVP FAST), providing a report on which viruses (if any) were present in the respective samples.
Statistical Analysis
Statistical analyses were performed using SPSS (version 18) and unpaired Student's t test, considering a P < .05 as significant.
Results
Demographic and Clinical Data of the Study Group
A total of 270 pediatric patients were enrolled in this study of causative viral agents of ARIs among hospitalized children. The study was conducted between February 2012 and March 2013. All patients enrolled in the study presented with typical symptoms of an ARI that required hospitalization and admission to the pediatric emergency unit. One of the patients was excluded due to insufficient material being obtained in this case. The mean age was 23.6 months (standard error of mean = 28.5, ranging from 1 month to 13 years); numbers of male and female patients were 182 (67.65%) and 87 (32.35%), respectively. Patients were assigned to 6 age groups: <1 year (n = 140; 51.8%), 1 to <2 years (n = 52; 19.2%), 2 to <3 years (n = 25; 9.2%), 3 to <4 years (n = 11; 4.1%), 4 to <5 years (n = 6; 2.2%), and >5 years (n = 30; 11.1%). For 5 patients, information on age was not available. The majority of the study population (58.4%) was urban residents. Exposure to passive smoking was recorded in 50.1% of the patients. All patients presented with fever of ≥38°C on admission; the most commonly observed respiratory symptoms were cough, difficulty in breathing, and wheezing. Few patients presented with symptoms of asthma, croup, tonsillitis, or vomiting ( Table 1) .
Detection of Respiratory Viruses in the Patient Population
Nucleic acid of one (or more) respiratory virus(es) was detected using the Luminex TAG Respiratory Viral Panel assay in 203 of the 269 samples analyzed in this study (75.5%). A single viral pathogen was detected in 161 (59.9%) samples, coinfection by 2 or more viruses was detected in 42 samples (15.6%), and no viral nucleic acid was detected in 66 samples (24.5%; Table 2 ). The most common virus was HEV/HRV, which was detected in 88/269 (32.7%) of the samples, followed by RSV 55/269 (20.4%) and hMPV 36/269 (13.4%). In contrast, influenza B virus, adenovirus, PIV 1, and influenza A virus (H1N1pdm09 in all cases) were detected less frequently (6.3%, 6.3%, 5.9%, and 3.7%, respectively), while HBoV, PIV 3, and HCoV-NL63 were detected in just a few cases (2.2%, 1.5%, and 0.4%, respectively; Table 2 ). Among the 161 single-virus infections, the most common agents were found to be HEV/HRV (detected in 54 [33.5%] Figure 1 ). Regarding age distribution, the virus positivity rate was highest in samples obtained from children younger than 1 year (117/140, 83.6%) and also very high in the combined age groups of children under 2 years of age 154/192 (80.2%), while virus-detection rates were found to decline with increasing age ( Figure  2) . HEV/HRV, RSV, and hMPV were identified in children of all age groups, whereas HBoV was detected only in children less than 2 years of age (Table 2) .
More than one virus was detected in 42/269 (15.6%) samples. Two viruses were detected in 39/269 (14.5%) samples; coinfections with 3 viruses were confirmed for 2 samples (0.74%); and there was 1 sample in which a coinfection with 4 viruses could be confirmed (0.37%). HEV/HRV (together with at least on other virus) was detected in as many as 34/42 (80.9%) samples, thus representing the most common agent in viral coinfections in this study group. RSV was detected in 18/42 (42.8%) of the coinfection samples; adenovirus was detected in 12/42 (28.5%) coinfection samples; and hMPV was detected in 11/42 (26.1%) coinfection samples ( Figure  3) . Overall, 61.9% (26/42) of coinfection cases were found in children less than 12 months of age ( Table 2) .
The most common virus combinations in coinfections were found to be HEV/HRV + RSV (12/42, 28.5%), HEV/HRV + hMPV (9/42, 21.4%), and HEV/ HRV + hAdV (human adenovirus; 7/42, 16.6%). Other combinations included RSV + hAdV (in 3 samples) and HEV/HRV + HBoV (in 2 samples). The 2 triple infections were combinations of (a) HEV/HRV + RSV + PIV 1 and (b) HEV/HRV + hMPV+ hAdV. One quadruple infection was found to be caused by HEV/HRV + RSV + hAdV + PIV1 (Figure 4 ).
Seasonality
The monthly distribution of virus-positive samples is shown in Figure 5 . The peak incidence of confirmed virus-associated respiratory infections was in the time between late autumn and early spring (November to March), with 191/203 (94%) of the respiratory infections being positive for at least one virus in this time period.
Discussion
Viral infections are the major cause of respiratory illness in children, and they have an enormous clinical and financial impact. 3, 4 Little is known about the epidemiology of viral ARIs in Kurdistan due to limited diagnostic capacity for detecting multiple respiratory viruses from single samples. To the best of our knowledge, this is the first long-term prospective study performed to determine the involvement of 18 common respiratory viruses in ARIs among hospitalized children in Erbil, Kurdistan. In this study, the causative viruses, detection frequency, seasonality, and coinfection patterns of the most common respiratory viruses were investigated using the Luminex xTAG Respiratory Virus Panel Fast v2 assay. Our results provided a distinctive epidemiological profile of viral respiratory infections in hospitalized children with ARIs in the study area.
Overall, nucleic acid of one (or more) respiratory virus(es) was detected in as many as 75.5% of the samples obtained from the study group of 269 patients with ARIs requiring treatment in a pediatric emergency unit. These data are consistent with previous studies in which viral detection rates of 65% to 90% for at least one virus in respiratory tract samples collected from children under 15 years of age with ARIs were reported, although different test systems and molecular methods were used in those studies. [8] [9] [10] [11] [12] [13] [14] The most frequently detected viruses causing ARIs in patients of our study group were HEV/HRV and RSV, both as single-virus infections and viral coinfections, followed by infections with hMPV and hAdV. Frequently, RSV is defined as the predominant viral etiology in hospitalized children with ARIs. 2, 15 However, in our study members of the genus Enterovirus (HEV and HRV) was the most frequently detected virus groups. This result is in agreement with previous studies, which showed identification of Enterovirus genus in samples taken from children infected with ARIs. 13, 14, [16] [17] [18] [19] Considering that the current study included only hospitalized children, this result highlighted the involvement and importance of Enterovirus genus members in the ARIs among children in study area. Also, age group, climate, geographic area, and others factors have an influence on the reported rate among different studies of each respiratory virus in hospitalized ARIs. [20] [21] [22] RSV was the second most frequently detected virus detected in our study group (20.4% ). This result is in good agreement with a previous Iraqi study conducted in Babylon City, which detected RSV in 24% of the samples from a study group of 50 children using a PCRbased assay. 23 Despite these slight differences in the detection rates for RSV, our result was in contrast to other studies indicating RSV as the dominate cause of respiratory infection in children. 8, 24, 25 In several recent studies, hMPV was one of the most frequently detected viruses involved in ARIs. 26, 27 Two previous studies investigated the role of hMPV infection in ARIs in Iraq using non-nucleic acid-based techniques. Al-Mola et al 28 reported a detection frequency that was similar to our result (13.3%) using a direct immunofluorescent assay for samples collected from infants of <2 years, while Aziz et al 29 determined a seroprevalence of anti-hMPV antibodies among hospitalized children of ≤5 years in Sulaimani City (immunoglobulin M [12%] and immunoglobulin G [75%]). The high seroconversion rate in young children indicates circulation of hMPV in the Kurdistan region population. The positive rate found in the current study was consistent with that reported by Albuquerque et al 30 in Brazil (12.5%) and Bicer et al 12 in Turkey (12.6%), but differ from other studies, such as those by Essa et al 31 and Mohamed et al 32 for Kuwait (5.3%) and Egypt (4%), respectively. The overall incidence of influenza A and B viruses (9.9%) was similar to studies conducted in Iran (5.5%), 33 Malaysia (11%), 34 and Turkey (12.6%), 12 respectively. The influenza A virus isolates detected in the study were exclusively 2009 pandemic H1N1 viruses. In our study, 6.3% of the samples were tested positive for hAdV, similar to numbers reported for Kuwait (7.7%), 31 higher than those reported for Iran (3.4%), 35 and lower than those reported for Gabon (17.5%). 36 The detection rate for PIV 1 was 4-fold higher than that of PIV 3 in our study (5.9% vs 1.5%), which differed from the report by He et al 37 in Shenzhen, China, but was similar to the data reported by Al-Ayed et al 13 for Saudi Arabia (4.6% and 0.9% for PIV 1 and PIV 3, respectively). Only very few of the patients in our study group (2.2%) were found to be infected with HBoV. He et al 37 reported 4.9% for a Chinese study group, while Bicer et al 12 and Fabbiani et al 16 reported detection rates of 0.9% for Turkey and 1.7% for Italy, respectively.
During the study period, HCoVs were detected only in a single case, in which HCoV-NL63 could be identified, indicating a minor role of these viruses in causing severe forms of ARIs in the Erbil City population. This result was similar to a study conducted in Kuwait, which failed to detect any HCoV-NL63 infections in 735 hospitalized patients, while higher numbers were reported for other neighboring countries, such as Turkey (2.9%) and Saudi Arabia (3.7%). 12, 13, 31 The current study's single HCoV-NL63-positive patient was less than 8 months old, confirming that HCoV-NL63 is more frequently identified in ARIs in younger children. 38 Despite this low detection rate for HCoVs, the viruses appear to be circulating in this geographic region because a large proportion of serum samples taken from the study group was confirmed to be seropositive for HCoV-NL63 (69%) and HCoV-229E (65.5%) as determined by an enzyme-linked immune sorbent assay-based assay using recombinant N protein as antigen (data not shown). It is tempting to speculate that common HCoVs (in contrast to Middle East respiratory syndrome and severe acute respiratory syndrome coronavirus and other respiratory viruses) cause less severe ARIs that only in very few cases require hospitalization. More studies (including virological studies of ARIs in pediatric outpatient departments) are required to explore this possibility.
With the development of new molecular diagnostic methods, particularly multiplex PCR assays, significantly larger numbers of viral coinfections have been detected in recent years. 39, 40 In our study, viral coinfections were confirmed in 15.6% of the patients, which was similar to other studies, such as those published by Akinloye et al 10 (20.4% ). In our study group, dual infections involving HEV/HRV were most common, many of which occurring in combinations with RSV (12/42; 28.5%) or hMPV (9/42, 21.4%).
Regarding the seasonality of virus-associated infections in the study area of Erbil City, the study clearly shows that, in the summer (ie, the dry season in Kurdistan), the number of respiratory infections was greatly reduced. This is consistent with previous studies, showing a lowlevel circulation of respiratory viruses during the dry season. Seasonality of respiratory virus infections is known to vary due to temperature and humidity variations. 37, 41 The study area has 4 distinct seasons, with lowest temperatures usually occurring in January (average 8°C). From February to May, the average temperature varies between 12°C and 30°C with increasing rainfall. After April, the weather turns hot (average 40°C) and remains dry during the summer months. 42 In our study, the vast majority of ARI in children occurred between November and March, demonstrating a late autumn to early spring seasonality of viral respiratory infections in children in this geographic region.
To get more insight into the epidemiology of ARIs in the Kurdistan region of Iraq, larger study groups involving more than one center should be used for monitoring respiratory pathogens. Also, (sub)typing of human enterovirus and rhinovirus isolates can be expected to provide additional insight into possible strain-specific differences in causing severe forms of ARIs requiring hospitalization. Finally, additional assays need to be included to detect viral respiratory pathogens not detected in the present study, such as cytomegalovirus, respiratory polyomaviruses, and human parechoviruses.
In conclusion, despite some limitations of the study (see above), the main findings of this prospective study provide valuable epidemiological information on the viral etiology of ARIs in Erbil, Kurdistan region, Iraq. They confirm the major role of respiratory viruses in ARIs in hospitalized children in the study area, particularly in young infants younger than 5 years of age. HEV/ HRV, RSV, and hMPV were the most frequent pathogens, accounting for more than two thirds of the ARIs cases. Further studies including neighboring geographic regions, normalized and larger age groups, and extended sampling periods of several consecutive years are now being planned and will be used to establish a robust epidemiological database for respiratory virus infections in the Kurdistan region of Iraq.
